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Abstract. Runaway stars form bow shocks by sweeping up interstellar matter in their direction of motion. Theoretical models
predict a spectrally wide non-thermal component reaching up to gamma-ray energies at a flux level detectable with current instru-
ments. They were motivated by a detection of non-thermal radio emission from the bow shock of BD+43◦3654 and a possible
detection of non-thermal X-rays from AE Aurigae. A search in the high-energy regime using data from Fermi-LAT resulted in flux
upper limits for 27 candidates listed in the first E-BOSS catalogue. We perform the first systematic search for TeV emission from
bow shocks of runaway stars. Using all available archival H.E.S.S. I data we search for very-high-energy gamma-ray emission at
the positions of bow shock candidates listed in the second E-BOSS catalogue. This catalogue comprises 73 bow shock candidates,
32 of which have been observed with the H.E.S.S. telescopes. None of the observed bow shock candidates shows significant emis-
sion in the H.E.S.S. energy range. The resulting upper limits are used to constrain current models for non-thermal emission from
these objects.
INTRODUCTION
Fast moving stars, so-called runaway stars, can create bow shocks in their direction of motion when passing through
the interstellar medium with supersonic velocities. These objects are typically detected at infrared wavelengths. The
emission in this energy range originates from thermal emission produced by the heated ISM dust. The latest catalogue
of stellar bow shocks based on infrared data, the Extensive stellar BOw Shock Survey (E-BOSS release 2; Peri,
Benaglia, and Isequilla [1]), lists 73 candidates.
The first and so far only detection of non-thermal emission was published by Benaglia et al. [2] who detected
non-thermal radio emission from BD+43◦3654. They also presented an emission model predicting non-thermal X-ray
and gamma-ray emission at a level detectable by current instruments. This model was developed further and applied
to other candidates, for example ζ Ophiuchi being a prominent candidate due to its proximity. The model prediction
for ζ Ophiuchi by del Valle and Romero [3] is shown in Figure 1.
Several attempts to observe non-thermal emission followed: radio and X-ray observations of ζ Ophiuchi (Condon
et al. [4] and Hasinger et al. [5], respectively), X-ray observations of BD+43◦3654 by Terada et al. [6], and X-ray
observations of AE Aurigae by Lo´pez-Santiago et al. [7] and Pereira et al. [8]. All resulted in non-detections and
subsequently upper limits on the emission.
A systematic study on high-energy gamma-ray emission with Fermi-LAT was performed by Schulz et al. [9] on 27
bow shock candidates, resulting in upper limits, too. In the case of ζ Ophiuchi these limits are a factor ∼ 5 below the
model predictions.
Bow Shock Sample
The basis of this population study is the E-BOSS catalogue release 2, [1]. 32 of the 73 candidates of this catalogue
have been observed with the H.E.S.S. telescopes. The most important parameters are the mass-loss rate M˙, radial
velocity vrad, distance d and wind velocity vwind, the distributions in Figure 2 show the diversity of the sample.
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Fig. 11. Computed SED for ζ Oph bowshock, at d ∼ 222 pc. The sensitivity for CTA, Fermi, MAGIC, XMM-Newton
and VLA. IRAS data are also shown.
runaway stars might constitute a new class of high-energy
sources to be explored in the near future.
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FIGURE 1: Prediction for thermal and non-thermal emission from ζ Ophiuchi from del Valle and Romero [3].
H.E.S.S. An lyses
The status of the H.E.S.S. Cherenkov t lescope system was presented in this conference [10]. It is clear that the
imaging atmospheric Cherenkov telescopes re leaving the tim f single ource discoveries and entering the era of
population studies. This is reflected in this contribution as well as the H.E.S.S. galactic plane survey presented in this
conference [11], the population study on pulsar wind nebulae presented in this conference [12] and more detailed in
H.E.S.S. Collaboration et al. [13], and the supernova remnant population study (H.E.S.S. Collaboration et al. [14]).
32 bow shock candidates have been observed with H.E.S.S., the acc ptance-corrected live-time distribution is shown
in Figure 3 a). All observed bow shock candidates were analysed after a cut on standard quality selection parameters
with the Impact analysis method described in Parsons and Hinton [15]. The cross-check analyses with the methods
described in de Naurois d Rolland [16] yielded com atible results.
None of the bow shocks is detected significantly, the distribution of significanc s is shown in Figure 3 b). Consequently
flux upper limits are calculated in five energy bins using an index of 2.5 and a confidence level of 99%. These are
shown in Figure 4 together with model predictions for four bow shocks, all not part of the H.E.S.S. sample.
The upper li its can be used to constrain the fraction of the kinetic wind power which is converted into the
production of VHE gamma rays, details on the calculation are outlined in H.E.S.S. Collaboration et al. [17].
CONCLUSION
We presented a study on the VHE emission of bow shocks created by runaway stars. 32 bow shock candidates have
been observed with H.E.S.S., constituting more than 40% of the candidates in the second release of the E-BOSS
catalogue. No significant emission is detected from any of the source candidates, consequently upper limits on the
flux are calculated. These non-detections together with the non-detections in Schulz et al. [9] question the level
of gamma-ray emission from these objects. The publication including final quantitative statements is forthcoming
H.E.S.S. Collaboration et al. [17]. The future Cherenkov Telescope Array (CTA, Hinton et al. [18]), with its improved
sensitivity and resolution, will give more insights in the nature of bow shocks of runaway stars.
FIGURE 2: Distribution of bow shock parameters, top row: the mass-loss rate M˙ and radial velocity vrad; bottom row:
distance d and wind velocity vwind for the E-BOSS catalogue release 2 sample (in red) and the bow shocks (bs) with
H.E.S.S. exposure (in blue). Data from Peri, Benaglia, and Isequilla [1].
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FIGURE 3: Live-time (a) and significance (b) distribution of the H.E.S.S. bow shock sample.
FIGURE 4: Upper limits for 32 bow shocks presented in this work together with model predictions for four bow
shocks, none of which is in the H.E.S.S. bow shock sample.
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